Numerous organoelement cluster compounds of the ele ments boron, aluminum, gallium, and indium have been published in recent literature. Most of them are difficult to prepare and were isolated in only very poor yield. They often contain cluster anions such as [AI77{N (SiMe 3 ) 2 ho]2-or [Ga9{Si(SiMe3hI6]-.PI Beside these ionic derivatives a few neutral cluster compounds such as InsAr4 (Ar = 2,6-dimesi tylphenyl) or IndSi(CMe3hls [2] were synthesized in which the number of the cluster atoms exceeds the number of the substituents. To the best of our knowledge there is no systematic approach to the description of their formation and of their fascinating structural chemistry. Element(l) compounds E I lR I l were isolated and structurally characterized before only as monomers ER or as tetrahedral clusters of the type E4R4, [ 3 ] in which R denotes very bulky substituents. A neopentylgallium(l) compound was reported in literature,[ 4 1
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however, it was not isolated in a pure form. For many years we have tried to control the size of El clusters by the systematic variation of the steric demand of their substituents. Smaller groups should lead to the formation of larger clusters, which are of particular interest owing to their bonding and broad preparative application in secondary reactions. However, the tendency to disproportionate as a consequence of insufficient steric shielding prevented the isolation of such derivatives. The reaction of tert-butyllithium with gallium trihalides affords tri(tert-butyl)gallium [5] in a good yield as well as a small quantity of elemental gallium by a redox reaction. By systematically changing the reaction conditions we attempted to stop the partial reduction of trivalent gallium at an intermediate oxidation state. Finally, we obtained a green solution from which black-green crystals of 1 were isolated in 4 % yield after separation of the alkylgallium(m) compound [Eq. (1) ]. Owing to the easy availability of compound 1 a complete characterization was possible despite its low yield. The crystal structure determination [ 6 ] revealed a tricapped [**J 1l1is work was supported by Deutsche Forschungsgemeinschaft and the Fonds der Chemischen Industrie.
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Figure 1. Molecular structure of 1; the lerl-butyl groups are omitted for clarity. Only one of the two inde pendent molecules is drawn, the average values are, however, calcu lated from both independent mole cules. Important bond lengths [pm]: Ga-Ga distances to the capping Ga atoms (Ga4, GaS, Ga6 (Ga7, Ga13, Ga15)): 256.9(1)-261.9(1) (av 25S.S); Ga-Ga distances at the edges of the triangle of the prism hetween the atoms Gal, Ga2, Ga3 (GaS, Ga9, Ga13 and GalO, Gall, Ga14): 264.06(9)-268.96(9) (av 267.02); Gal-Gal' 300.7(1), Ga2-Ga2' 304.6(1), Ga3-Ga3' 291.2(1) [291.39(9)-306.6(1) in the second molecule]; trigonal prism of gallium atoms (Figure 1) . Three ranges of Ga-Ga bond lengths were observed: short distances of 258.8 pm (av) were detected to the capping Ga atoms, while longer dis tances of 267.0 pm were found on the triangular faces of the prism. Very long Ga-Ga separations were ob served for the edges of the prism perpendicular to these triangles (298.8 pm), which indicate only weak Ga-Ga interactions. Thus, all galli um atoms within the cluster seem to have a connectivity of four. For comparison, the Ga-Ga single bond lengths in tetraalkyldigallium com pounds Ga2R4 are about 250 pmpJ while alkyl-substi tuted tetrahedral tetragal lanes Ga4R4 have Ga-Ga distances of about 270 pm.fsJ
Compound 1 has a sur prisingly high thermal stability and decomposes above 228 QC with the formation of elemental gallium. Powdered samples of 1 remained unchanged in air over a period of about 30 min. The DV/Vis spectrum showed two absorptions in the visible region at 480 and 600 nm. In comparison to gallium(m) compounds, the proton resonances of the tert-butyl groups in the IH NMR spectrum are only slightly shifted to a lower field by about 0.3 ppm (0 = 1.48). However, an extreme low-field shift (0 < 30 in compounds possessing trivalent gallium atoms) was observed for the resonances of carbon atoms attached to gallium (0 = 100.4). Tetrahedral E4R4 clusters bearing tris (trialkylsilyl)methyl substituents showed a less dramatic shift of 0 = 60-64.18J An absorption at 513 cm-1 in the IR spectrum was assigned to the Ga-C stretching vibration. A 7lGa NMR spectrum could not be recorded owing to the quadrupole moment of gallium and the low local symmetry at each gallium atom.
According to cyclic voltammetric investigations the uptake of an electron is electrochemically reversible; it leads in 0-difluorobenzene or dichloromethane to the corresponding radical anion 2, accompanied by a lightening of the color of the solution.l 9 J The radical anion 2 was stable at room temperature and was further reduced at an about 1 V more negative potential in an irreversible two-electron reduction step. Cooling to -78 QC did not lead to an improvement of the reversibility behavior. The oxidation was also completely irreversible in a multielectron process in which the current intensity corresponded approximately to the loss of one electron per gallium atom. The ESR spectroscopic characterization of the radical 2 was only possible at very low temperature owing to fast relaxation.l 9 J The reason for this may be the relatively high symmetry of 2, which leads to energetically similar states and the occupation of neighboring, partially degenerate orbitals by the unpaired electron. Similar observations were reported for the distorted octahedral hexaborates [B6X6]' (X = halogen).IlOJ Also the splitting of the g components of 2 (2.173, 2.06, 1.95) is similar to that of, for example, [B 6 Br6] (2.l5,2.09, 1.88).IIOJ Thus, these data verify a distribution of the unpaired electron over at least large parts of the cluster skeleton. Accordingly, the hyperfine splitting by coupling with the isotopes 69 Ga and 7lGa (each 1=3/2) was not observed owing to the overlap of the expected large number of lines. Quantum-chemical calculations of the methyl compound Ga9Me9 (la) verified the structural parameters of 1 with three characteristic ranges of Ga-Ga distances and the elongation of the cluster parallel to its threefold rotation axis)!!J For comparison, we also calculated the radical anion 2a which was reversibly generated by an electrochemical experiment and detected by ESR spectroscopy. l llJ Remarkably, the nonagal lium cluster showed behavior similar to the corresponding boron compounds [B9X9]"-(X = H, halogen; n = 0,1,2))12J The addition of one electron leads to a strengthening of the Ga-Ga interaction parallel to the long edges of the trigonal prism and to a compression of the cluster (Ga-Ga: from 298.2 in la to 281.6 pm in 2a). The distances to the capping Ga atoms remained almost unchanged (256.3 (la) and 254.4 pm (2a)), while the edges of the triangles of the prism became longer (267.3 (la) and 275.1 pm (2 a)). Thus, an almost undistorted equilateral trigonal prism is present in the radical anion.
For the first time, the influence of the steric demand of the substituents on the size of a third main group cluster was verified by the synthesis of compound 1. This will stimulate further experiments toward the synthesis of other alkylele ment(l) compounds bearing smaller alkyl groups and having novel structures. Furthermore, the synthesis of 1 opens the access to a chemistry similar to that of polyborates. As impressively shown with the related compounds E4R4,[3J we expect a broad preparative application of 1, in particular in those cases in which the high steric shielding of the derivatives previously employed prevented secondary reactions.
Experimental Section
n-Pentane and Il-hexane were dried over LiAIH4• Freshly sublimed GaCI, (7.33 g, 0.042 mol) in n-hexane (90 mL) was treated with lerl-butyllithium (78 mL of a 1.6 M solution in n-hexane) over a period of 1 h. The mixture was heated under reflux for 16 h, cooled to room temperature, and filtered. The volatile components were removed in vacuum at room temperature. At the same temperature and at a pressure of 10-3 Torr tri(terl-butyl)gal lane was distilled in a trap cooled with liquid nitrogen (yield: 6.83 g, 68 %). The green residue was dissolved in pentane (25 mL) and filtered. The filtrate was evaporated, the residue was thoroughly evacuated and recrystallized from n-pentane or diisopropyl ether (yield: 0.19 g, 4% 1308m, l242vs (I\(CH3»; 1188w, 115S vs, 1005 984m, 937 m (CH3 rocking); 805 vs (v,,(C3C»; 513m (v(GaC) ); UVlVis (n-hexane): ;'m"
[nm] (lgC"): 245 (4.6), 480 (3.5), 600 (2.9).
